INTRODUCTION
Several types of evidence from natural populations have been used to infer natural selection on enzyme loci. These include associations of allele frequency with environment; deviations from Hardy-Weinberg proportions; differences in allele frequency between sexes or among size or age classes; and temporal changes in allele frequency. Here I examine the loci coding two polymorphic enzymes, mannose phosphate isomerase (MPI, E.C. 5.3.1.8) and glucosephosphate isomerase (GPI, E.C. 5.3.1.9) , in the talitrid amphipod Megalorchestia californiana Brandt (formerly Orchestoidea ca1for-niana; see Bousfield, 1982) .
This species is an appropriate subject for ecological genetics. Individuals remain in burrows or nestled under debris on sand beaches during the day, emerging at night to feed (Bowers, 1964) .
Because foraging movements are wide ranging and individuals do not return to particular burrows, the amphipods on a beach are a single well mixed population. Juveniles and adults are weak swimmers and avoid water; compared to marine animals with planktonic larvae, there is little dispersal among beaches separated by rocky headlands, river mouths and other barriers. Hundreds of M. cal(forniana are present per linear meter of beach (Bowers, 1964) , making large samples possible. In California, breeding occurs from early spring through late autumn (McClurkin, 1953; Bowers, 1964) . MATERIALS 
AND METHODS
Amphipods were captured at night with pitfall traps, consisting of plastic cups buried flush with the sand and containing 2 to 3 cm of seawater.
Amphipods were maintained at 3°C on moist paper towels. Mortality during capture, return to the laboratory and storage of up to several weeks was negligible. MPI and GPI phenotypes did not differ between freshly caught amphipods and those which had been maintained in the laboratory for were run at 3°C with 4 mA of current for 30 minutes followed by 25 mA for 3 hours. MPI was run on the continuous tris-borate buffer of Ayala e a!. (1973) and was detected by the method of Nichols and Ruddle (1973) . GPI was run on Poulik's buffer system (Poulik, 1957) and was detected by the method of Shaw and Prasad (1970) .
A single leg (or several legs from the smaller individuals) was removed from each amphipod and maccrated in about 40 p.1 of distilled water containing 5 per cent sucrose. Each amphipod was then maintained alive for up to a week in vial with a scrap of moistened paper towel. Another leg was used if there was any ambiguity about the scoring of the MPI or CIPI phenotype. For MPI, 5 to 10 p.l of crude homogenate were loaded into each sample well of the gel, and I to 2 p.1 samples were used for GPI.
Deviations from Hardy-Weinberg genotype proportions were examined using Wright's level, one test must have an individual probability less than 005 divided by the number of tests.
Variation in allele frequency among size classes was examined by determining the difference in allele frequency between each size class and the remaining size classes. The weighted mean of these deviates was determined over all the population samples. Significance was tested using the method of Cochran (1954; Snedecor and Cochran, 1980, pp. 210-213) with the continuity correction of Mantel and Haenszel (1959) . This method was also used to compare allele frequencies of males and females. G-tests were used to test for heterogeneity of allele frequency among samples (Sokal and Rohlf, 1981) .
RESULTS
MPT phenotypes were either one-or two-banded in both males and females, and GPI phenotypes were either one-or three-banded in both males and females. This is consistent with MPI being a monomer and GPI a dimer, both coded by autosomal loci with codominant alleles, as is the case in other amphipods (Busath, 1980; Bulnheim and Shol1, 1981) and in many other crustaceans (Hedgecock et a!., 1982) . The common allozyme which migrated furthest towards the anode was designated 100, and other allozymes were named by adding to or subtracting from 100 the mobility difference in millimetres. The genetic loci coding for the enzymes MPI and GPI are designated °Mpi and Gpi. For statistical purposes, rare alleles were pooled with the alleles for the electrophoretically closest common allozymes. One individual exhibited a two-banded GPI phenotype, which could result from a heterozygote of Gpi'°° and an allele producing an inactive allozyme; the presumed null allele was pooled with Gpi95. Both the Mpi and Gpi loci showed geographic differences of allele frequency associated with latitude (table 1, fig. 1 ). Mpi'°° and Gpi95 were greatest in frequency at Port Townsend, Washington, the northernmost location sampled. These alleles were lowest in frequency at Santa Barbara, California, and were intermediate in frequency in Oregon and northern California.
The Mpi allele frequencies in nine Oregon samples were significantly heterogeneous (G = 1920, P < 00l). The Gpi allele frequencies within Oregon were not heterogeneous overall (G = 942, P>010). The Siuslaw-Mouth sample, from near the mouth of the Siuslaw River estuary ( fig. I) Of the nine Oregon samples, none had an inbreeding coefficient, F1, which differed significantly from zero at either locus (table 2) .
However, when the samples were divided into size classes, the 00-0 1 g class exhibited a deficit of heterozygotes (positive F15) at the Mpi locus.
Because the forces causing deviations from HardyWeinberg proportions would likely affect the two loci differently, the data for each locus were considered a separate set of seven simultaneous tests (the six si7e classes and the_ total F,5). The individual probability for the F,5 of Mpi in the 00-0l g class was 0005, which is significant at the 5 per cent level (Cooper, 1968) . At the Gpi locus, none of the F,5 values differed significantly from zero.
Neither Mpi nor Gpi differed significantly in allele frequency between males and females, either in whole population samples or in size classes taken separately. There was no significant sizerelated variation in allele frequency at either locus.
DISCUSSION
There were differences in allele frquency associated with latitude at both the Mpi and Gpi loci in M. californiana. Latitudinal differences at loci coding for GPI are present in many organisms; there are few reported examples of latitudinal MPI differences, perhaps because MPI is often not included in routine electrophoretic surveys. Selection by differences in temperature or some other environmental variable is often inferred to be the cause of latitudinal differentiation. However, it could also result from random drift in isolated populations followed by migration. On a smaller scale, Mpi allele frequencies within Oregon were significantly heterogeneous; the variation was not associated with a known environmental variable.
At the Mpi locus there was a significant deficit of heterozygotes in the smallest size class.
Heterozygote deficits are common at enzyme loci in marine animals, and the pattern of heterozygote deficit only in small or young individuals is present in the bivalves Geukencia demissa (= Modiolus demissus) (Koehn et aL, 1973) , Mytilus cahjrnianus (Tracey et a!., 1975) , Crassosirea virginica (Zouros ci a!., 1980), and Mytilus edulis (Koehn and Gaffney, 1984) in the fish Rhombosolea p/chin (Smith and Francis, 1984) , and in the terrestrial isopod !'orcel!io scaher (Sassaman, 1978) . There are a number of possible explanations for a heterozygote deficit, some of which would also explain its presence in only the smallest size class.
Unscored individuals
Because the phenotype of an Mpi heterozygote consists of two bands rather than one, heterozygotes are more likely to be too faint to score. In the 00-0 I g class, five amphipods which could not be reliably scored died or escaped before they could be electrophoresed a second time. Even if all five were heterozygotes, the F,5 would only he reduced from 0l79 to 0156.
Mis-scored individuals A total of 254 individuals were electrophoresed twice and scored both times for Mpi. In only one case did the second scoring differ from the first, an error rate whch is far too small to account for the observed heterozygote deficit.
Null allele
To account for the observed E,., a null allele would have to have a frequency of at least 0086 in the smallest size class (Zouros and Krimbas, 1969) . The heterozygote deficit is not seen in adults, which implies strong selection against the null allele; the mutation rate then required to recreate the null allele polymorphism in each generation is unrealistically high. into the pitfall traps used in this study. Most of the samples were collected between dusk and midnight; iIheterozygotes emerged from their burrows in the early morning they would also be less likely to get sampled. Behavioral differences related to enzyme genotypes have been suggested for the fish species Gymnocephalus cernua (Nyman, 1975) and Fundulus heteroclitus (DiMichele and Powers, 1982) , the isopod Asellus aquaticus (Christensen, 1977) , and Colias butterflies (Watt et a!., 1983) .
Assortative mating
Assortative mating with respect to the Mpi locus could occur if different Mpi genotypes bred at different times, or through a combination of sizeassortative mating and size-related variation in allele frequency. If assortative mating is the cause of the heterozygote deficit, strong selection favoring heterozygotes would also be required to explain the lack of deficit in the larger size classes.
Selection against heterozygotes
Viability selection against heterozygotes might produce the heterozygote deficit. Selection would have to favour heterozygotes in older amphipods in order to erase the deficit in larger size classes.
Reversing selection at different life stages has been postulated to explain heterozygote deficits in bivalves (Singh and Green, 1984; Zouros and Foltz, 1984) .
Faster growing heterozygotes
In a number of studies of organisms in which the age of the individuals is known, heterozygotes grow faster than homozygotes (Mitton and Grant, 1984) . The amphipods in this study were divided into size, not age, classes. If Mpi heterozygotes grow faster than homozygotes, heterozygotes would spend less time in the smallest size class and thus a heterozygote deficit would result. There are four plausible explanations for the deficiency of Mpi heterozygotes in the smallest size class: assortative mating, followed by selection favoring heterozygotes; selection against heterozygotes, followed by selection favoring heterozygotes; non-random sampling caused by genotype related differences in behavior; or genotype related differences in growth rate.
